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Abstract:  Morphology and mechanical properties of clay/ highfunctional epoxy nanocomposites are in
vestig ated. An inter calated morphology is always observed for clay loadings  5 wt % . The glass transi
tion temperature ( T g) of the composites decr eases wit h the clay loading, and t he impact strength in
creases first by 10% at 2 w t% clay loading, and is followed by a dramatic decline, w hile the flexur al
strength decreases in all cases.
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关于粘土/高性能环氧纳米复合材料的形态及力学性能的研究. 戴峰, 许亚洪, 政亚萍, 益小苏. 中
国航空学报(英文版) , 2005, 18( 3) : 279- 282.
摘  要:对粘土片层在纳米粘土/高性能环氧树脂体系中的分散状态及力学性能进行了研究。通
过加入较少的粘土(含量  5wt% )得到插层型纳米复合材料。纳米粘土的存在使环氧树脂的玻璃
化转变温度有所降低。粘土质量含量为 2%时, 复合材料的冲击强度约上升 10% ,但超过 2%后,
冲击强度随之下降。材料的弯曲强度则随着粘土含量的升高而逐步降低。
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  In the last decade, many studies focused on a
new area that ut ilizes organoclay to alter the prop
erties of polymers. Unlike traditional advanced
composites, clay/ polymer nanocomposites exhibit
signif icant improvements in mechanical and ther
mal propert ies just at volume fract ion as low as
3 w t%5 w t% [ 1, 2] . Clay/ polymer nanocomposite
has generally two dist inct ive morphologies: ( 1) in
tercalated nanocomposite, in w hich the matrix
polymer is intercalated between the silicate layers
and the expanded silicate layers are st ill in order;
( 2) exfoliated nanocomposite, in w hich individual
silicate layers are completely separated and dis
persed in a cont inuous polymer matrix. In most
cases, morphology ( 1) and ( 2) coappears. T he
high aspect rat io and high st reng th of the nano
scaled clay play the key roles in the improvement of
the mechanical propert ies. T he dispersion of the
individual nanosheets of the layered silicates in the
polymer matrix and the interfacial coupling be
tw een the individual sheets and the polymer matrix
should facilitate the st ress transfer to the reinforce
ment phase so as to improve the mechanical proper
t ies.
Although there were extensive studies on e
poxy/ clay nanocomposites, litt le at tent ion w as paid
on the highfunctional epox ies as matrix resin,
which w idely used in aerospace due to their higher
modulus and g lass transition temperature
[ 3]
. The
object ive of this w ork is to invest ig ate the morphol
ogy and mechanical propert ies of the clay/ high
funct ionality epoxy nanocomposite under various
clays loading.
1  Experimentals
T he highfunct ional epoxy matrix used w as a
combination of standard dig ly cidal ether of bisphe
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nol A epoxy ( DGEBA, E54, Wuxi Resin Facto
r y) and tetraglcidyl methylene dianilline epoxy
( TGMDA, AG80, Shanghai Institute of Synthet
ic Resin) . DDS w as used as curing agent. T hey
w ere m ixed at a rat io of DGEBA!TGMDA!DDS=
2!3!2. T he molecular structures of the tw o epox ies
mentioned above are show n in Fig . 1. This two
component epoxy system w as donated as 5268 in
the study. T he organoclay used was an ammonium
ionmodified montmorillonite layered silicate pro
vided by Northwestern Polytechnic University.
F ig. 1 The molecular structures of the two epox ies
  T he two epox ies were first st irred in a weight
rat io of DGEBA!TGMDA= 2!3 at 50 ∀ until they
w ere completely m ixed. Then, an appropriate
quantity of the org anoclay w as added into the m ix
ture by stirring at 80~ 90 ∀ for 1 h. The m ix ture
w as subsequently heatedup to 120 ∀ and evacuated
at a vacuum of 0. 08~ 0. 09M Pa for 0. 5 h. Final
ly , an accounted amount of DDS w as m ixed into
the system and st irred slight ly at 130 ∀ for 10
min. The mix ture was then cast in a metallic mold
after the mold w as hold at 80 ∀ for 30min. Resin
curing was carried out first at 130 ∀ for 1 h, then
160 ∀ for 1 h, and f inally 180 ∀ for 2 h, follow ed
by a postt reatment at 200 ∀ for 2 h.
T he morphology of the cured samples w as in
vestigated using w ideang le Xray scat tering
( WAXS) . XRD ( Xray Dif fraction) pat terns w ere
obtained by a RigakuD/ max2400 equipped w ith
Cu KXray radiation ( = 1. 54 A) , operated at
40 kV and 100 mA. The diff ract ion patterns w ere
collected betw een angles ( 2 ) of 1. 5#~ 40# at a
scanning rate of 5#/ m in. TEM were obtained w ith
a H600 apparatus.
Specimens for mechanical test ing had the di
mension according to GB/ T 25701995 and GB/
T25711995. The f lexural propert ies were deter
mined according to GB/ T 25701995 on a ZM
GI250 universal tester using a crosshead speed of 2
mm/ min. The impact toughness w as measured on
a XCJ40 Impact Tester according to GB/ T2571
1995. The loss tangent w as determined on TA
Q800 Dynamic M echanical T hermal Analyzer.
Frequency sw eep scans w ere preformed at a scan
ning rate of 3 ∀ / min using frequencies of 3, 5 and
8 Hz.
2  Results and Discussion
2. 1  Morphology
Nanocomposites containing 0, 1, 2, 3, 4 and
5 wt% clays were fabricated. WAXS traces show
that the clay w ith an init ial dspacing of 19 
( Fig. 2) is intercalated by the epoxy precursors
( Fig. 3) . T he XRD patterns in Fig. 3 for the com
posites containing 1 ~ 5 w t% clays indicate that
they all are only intercalated . All of them show a
F ig. 2 XRD pattern of the pure organoclay used
Fig . 3  XRD patterns of epoxy / clay nanocomposites for
different clay loadings
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dist inct peak corresponding to a dspacing, w hich
is around 37 . T he clay/ polymer nanocomposites
can be regarded as disordered intercalated and or
dered intercalated, respectively
[ 4]
. Intercalated in
dicates that the polymer is located betw een the clay
platelets but some longrange stacking order st ill
remained. T he ordered and disordered characteriza
t ions refer to the level of order present in the inter
calated structures.
F ig . 4 shows the T EM image of the part ially
exfoliated composite. It is likely that the init ial
cure temperature of 130 ∀ is presumably too low to
allow suff icient precursors diffusing into the layers
before gelat ion and vit rification
[ 5, 6]
, because the
v iscosity of highfunct ional epoxy at 130 ∀ is too
high for intergallery diffusion and delam inat ion. In
addit ion, at the low er cure temperatures, react ions
at the edges of the silicate layers and subsequent
bridging effects may also prevent exfoliat ion[ 5] .
Fig . 4  TEM image showing the partially exfoliated
structur e ( 2 wt% clay)
2. 2  Glass transition temperature
T ypical tan! t races by means of DMTA are
shown in Fig . 5 for the nanocomposites loaded w ith
0~ 3 w t% clays. Table 1 show s the glass t ransit ion
temperatures( T g ) for different clay loadings. T g
decreases steadily w ith the increase of the loading.
Giannelis[ 3] reported that the intercalated polymers
showed a reduced glass t ransit ion due to the lack of
surrounding entanglements.
F ig. 5 DMTA spectrums of Clay/ EP nanocomposites
Table 1  Tg of Clay/ EP composites for different loading levels
Clay loading
/ ( wt% )
0 1 2 3
T g / ∀ 249. 0 248. 5 248. 0 241. 5
2. 3  Mechanical properties
Fig. 6 summarizes the results of impact and
flexural tests. As the clay loading increases, the
impact st rength increases first by 10% at a loading
level of 2 w t%, followed by a dramat ic decline. As
reported[ 7] , investigation on correlat ion between
morphology and impact behavior provides strong
experimental evidence that the format ion of
anisotropic laminated nanopart icles can help to im
prove toughness. It is regarded that the toughening
effect results from the role of % pin& played by lami
nates, which prevents the extending of cracks[ 7] .
In addit ion, the ex istence of the laminates induces
yielding of the matrix, absorbing a lot of energ y
ow ing to the t ight binding betw een the laminates
and the matrix. As the clay loading increases, it is
possible that the inhomogeneous dist ribution of
Fig . 6  Plots of impact and flexural streng th against clay
loadings of the clay/ EP nanocomposites
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laminates may cause st ress concentrat ion, w hich
produces cracks in matrix. In this case, the clays
act as f laws or crack init iators instead of reinforce
ments, and leading to reduct ion of impact
st rength.
T he f lexural strength decreases in all cases.
Lu Jiankun[ 7] also found that the flexural st reng th
of the intercalated composite declined w ith the in
creasing of the clay loading . It is presumed that the
intercalated morphology may not be beneficial to
the st rength of the composite.
3  Conclusions
( 1) XRD patterns indicates that the clays are
only intercalated by the highfunct ional epoxy resin
system at the processing condit ions described.
( 2) T g of the clay/ EP nanocomposites decreas
es steadily w ith the increase of clay loadings.
( 3) As the clay loading increases, the impact
st rength increases about by 10% at a loading level
of 2 w t%, followed by a dramatic decline, w hereas
the flexural st reng th decreases at all.
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